During a study of nucleolar organiser regions, a modified silver stain was found to be a sensitive marker for the iron in ringed sideroblasts, more so than Perls's stain when the marrow iron stores were low. To enhance the usefulness of the silver stain, a combined silver Perls method was developed. This stains the ringed sideroblast iron black and haemosiderin blue, thus rendering the detection of ringed sideroblasts easier even when marrow iron stores are excessive. At the same time, it allows marrow iron content to be evaluated. The silver reagent in this combined method probably shows phosphate rather than the iron present in the abnormal mitochondria in ringed sideroblasts. This facilitates the differential staining of ringed sideroblast "iron" and haemosiderin. (7 Clin Pathol 1993;46:766-768) 
Evaluation of iron stores in macrophages and abnormal iron deposits in sideroblasts and plasma cells is an important part of bone marrow examination. Perls's Prussian blue stain and its various modifications are traditionally used for this purpose. All iron deposits are stained blue.
During a study of the nucleolar organiser region (NORs) with a silver stain, iron particles in ringed sideroblasts stained black (personal observation). Application of the silver stain to a series of marrow particle sections showed that the stain was more sensitive than Perls's stain for ringed sideroblasts, especially when iron stores were low or absent.' To enhance further the utility of the stain, a combined silver and Perns's (CSP) stain was developed to produce differential staining of ringed sideroblast iron and other iron deposits. The CSP stain was compared with Mallory's modification of Perls's stain for sensitivity. Apart from its diagnostic usefulness, the differential staining capacity of CSP stain may 
Results
The CSP stain showed the iron in macrophages and plasma cells as coarse blue granules; that in ringed sideroblasts was seen as uniform, small jet-black granules, scattered around the cell nuclei (figure). Sometimes the black granules were clustered focally. Occasionally aggregates of black granules were present in red cells and intercellular spaces adjacent to ringed sideroblasts ( fig  IA) . Cell nucleoli and lipofuscin were stained dark brown. The stain also worked on marrow smears but not on decalcified marrow aspirates. On marrow smears, the staining tends to be uneven due to variable thickness Combined silver Perls's stain for differential staining of ringed sideroblasts and marrow iron 
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B S -. < ; X . e ; . . . . . . . . > u E S . . _ t # f s t g i 3 S All five marrows known to be positive for ringed sideroblasts had increased iron stores. The recognition of ringed sideroblasts was facilitated with the CSP stain because of the differential staining of ringed sideroblast iron and other iron in macrophages or plasma cells ( fig 1A) . Of the five marrows, four gave equivalent results by both staining methods. In one, more ringed sideroblasts were identified with the CSP stain than with Perls's stain, due to the staining of fine iron granules in the early forms of erythroblasts by the CSP stain in addition to the more mature forms ( fig 1B) . Cells in mitosis were identifiable as ringed sideroblasts because they contained black granules in the cytoplasm (fig 1 C) Our results indicate that the CSP stain is more sensitive than Perls's stain alone for ringed sideroblasts, particularly when the marrow iron stores are low or absent. A previous study reported that a simple silver stain is also sufficient for the identification of ringed sideroblasts in marrow aspirates with reduced iron stores.3 Nikicicz and Norback reported that the silver stain alone could be used to assess not only sideroblast but also bone marrow iron stores4 and to study other marrow cells.' Our experiences indicate, however, that the silver stain is not specific for iron and is not recommended for the identification of iron in macrophages. The CSP stain permits more specific identification and evaluation of iron stQres. Furthermore, when iron stores are excessive, the CSP stain facilitates identification of ringed sideroblasts because of its differential staining ability.
In our study of 55 marrows 14 were positive for ringed sideroblasts with the CSP stain. Twelve of the 14 were associated with neoplastic or pre-neoplastic conditions. One of the two exceptions was from a 68 year old patient with a focally hypocellular marrow of uncertain importance. The other was from a 82 year old patient with iron deficiency anaemia receiving multiple medications for hypertension and chronic obstructive pulmonary disease.
Iron in ringed sideroblasts is located in the mitochondria. Using energy dispersive x ray analysis of the mitochondria, Grasso Haemosiderin in macrophages is stained blue because of the excess of iron over phosphate. In ringed sideroblasts the black staining of the phosphate moiety masks the blue staining of the iron moiety. If overdifferentiated, the black stain is removed and the blue stain becomes visible. In iron deficiency the abnormal mitochondria in ringed sideroblasts may contain phosphates of other elements in addition to or instead of iron. Therefore, Perls's stain will be weakly positive or negative but silver stain will still be distinctively positive. This explains the greater sensitivity of the silver stain for ringed sideroblasts in iron deficiency and also explains the loss of ringed sideroblasts in severe iron deficiency reported by Stavem and colleagues.8 If the silver stain is specific for abnormal mitochondrial "iron" deposits, then even a few black granules in an erythroblast may be enough to identify it as a ringed sideroblast, as opposed to the requirement of finding at least five blue granules encircling more than one third of the circumference of the nucleus to identify a ringed sideroblast by Perls's stain. 9 The presence of black cytoplasmic granules may help to identify a "blast" or mitotic figure as an erythroid cell (figs 1B and C). Furthermore, the presence of multiple black granules in red cells and intercullular spaces ( fig 1A) may be an indication to search carefully for ringed sideroblasts as they may be derived from ringed sideroblasts. The ability of the silver stain to demonstrate fungal elements adds to its usefulness.
Conclusion
The CSP stain is more sensitive than Perls's stain for ringed sideroblasts. It also permits evaluation of iron stores. The silver reagent of the CSP stain probably demonstrates phosphate and not iron in mitochondria of ringed sideroblasts. If it is a specific marker for ringed sideroblasts, then the presence of a few black granules may be enough to identify an erythroblast as a ringed sideroblast, and the presence of black granules in red cells and the intercellular spaces may be an indication to search carefully for ringed sideroblasts.
